[Title of the Invention] Particulate sorting microchip and particulate sorting device 
[Abstract] 

[Problem] To present a method of sorting particulates such as cells easily and at high 
precision, and an inexpensive and highly versatile particulate sorting device. 
[Solving Means] A particulate sorting microchip comprising at least a particulate 
containing solution feeding passage formed on a substrate, a sheath flow forming passage 
disposed at least at one side of the feeding passage, a particulate measuring position for 
measuring the introduced particulates, two or more particulate sorting passages for 
sorting and collecting particulates disposed at the downstream side of the particulate 
measuring position, and two or more electrodes for controlling the moving direction of 
particulates disposed near the passage inlet from the particulate measuring position to the 
particulate sorting passage. 

[Claims] 

1. A particulate sorting microchip, being a flow type particulate sorting 
microchip having fine passages on a substrate: comprising at least a particulate containing 
solution feeding passage formed on the substrate, 

a sheath flow forming passage disposed at least at one side of the feeding passage, 
a particulate measuring position for measuring the introduced particulates, 
two or more particulate sorting passages for sorting and collecting particulates 

disposed at the downstream side of the particulate measuring position, and 

two or more electrodes for controlling the moving direction of particulates 

disposed near the passage inlet from the particulate measuring position to the particulate 

sorting passage. 

2. The particulate sorting microchip of claim 1, wherein the particulate 
measuring position is one passage for allowing to flow the particulate containing solution 
and sheath flow forming solution. 
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3. The particulate sorting microchip of claim 1 or 2, wherein the particulate 
containing solution feeding passage, sheath flow forming passage, particulate measuring 
position, and inner wall of sorting passage are coated with a particulate adhesion 
preventive layer. 

4. The particulate sorting microchip of any one of claims 1 to 3, wherein the 
electrodes are shaped and/or disposed so that the electric field may be concentrated near 
the particulate sorting passage. 

5. The particulate sorting microchip of any one of claims 1 to 4, wherein 
particulates in the particulate containing solution are selected from the group consisting of 
cells, bacteria, microorganisms, and high molecular particulates. 

6. A particulate sorting device for sorting particulates, comprising at least one 
of particulate sorting microchips in claims 1 to 5, 

measuring means for measuring optically or electromagnetically the particulates 
at the particulate measuring position on the particulate sorting microchip, 

voltage applying means for applying a voltage to the electrodes on the particulate 
sorting microchip, and 

output means for issuing optical or electrical information of particulates. 

7. The particulate sorting device of claim 6, wherein the measuring means is an 
optical microscope. 

8. The particulate sorting device of claim 6, wherein the measuring means is a 
fluorescent microscope. 

9. A particulate sorting method for sorting particulates by using any one of the 
particulate sorting devices in claims 6 to 8. 

10. A particulate sorting method characterized by feeding a solution containing 
particulates through a feeding passage, forming a sheath flow to feed the particulates into 
a measuring position, measuring the particulates, and guiding the particulates into the 
particulate sorting passage and sorting by interaction of electric field generated by 
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application of voltage and particulates. 

11. The sorting method of claim 9 or 10, wherein the particulates to be sorted 
are selected from the group consisting of cells, bacteria, microorganisms, and high 
molecular particulates. 
[Detailed Description of the Invention] 
[Technical Field of the Invention] 

The present invention relates to a particulate sorting chip. More particularly, 
the invention relates to a microchip for sorting particulates or cells, a particulate sorting 
device incorporating it, and a method of sorting particulates and cells. 
[Prior Art and Its Problems] 

By the development of fine processing technology in semiconductor industry, 
microchips manufactured on silicon or glass substrates have come to be used widely in 
analytical apparatuses. Specifically, various microchips composing electrodes or 
passages on silicon or glass substrates are used in electrochemical detectors in liquid 
chromatography or small-sized electrochemical sensors in medical field. 

Recently, for the purpose of higher speed, higher efficiency, and higher degree of 
integration of chemical experiments, and downsizing of analytical apparatuses, 
micro-total-analysis system (^i-TAS), and micro-reactor are manufactured and developed, 
and intensive researches are promoted globally. 

These jx-TAS devices can measure and analyze by using a small amount of sample, 
and are portable, inexpensive, and disposable, and as compared with conventional devices, 
they are evaluated in many aspects, and specifically evaluated to be highly useful in 
experiments using expensive reagents, or in screening operation of biochemical materials 
of small amount and multiple types. 

The ji-TAS is also expected to be capable of unveiling specific molecular behavior 
in micro space, and isolating and analyzing single molecule, signal particulate, or single 
cell by applying superhigh sensitivity detection and infinitesimal analysis. 
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On the other hand, while a tremendous amount of gene information is being 
disclosed in the human genome project, there is a mounting importance in screening 
technology of large quantity and wide variety in pharmaceutical field of genome medicines 
and the like. For example, when evaluating effects of specific substance on human cells, a 
library of organ culture cell is prepared, and culture cells are isolated and refined to 
control the quality, and cells are sorted and observed after administration of substance. 

Hitherto, for sorting of such cells, cell or particulate sorting devices known as cell 
sorter or particle analyzer have been used. However, a conventional cell sorter was large 
and expensive, and it was not a handy tool to be used in the laboratory or medical field. 
Technically, since the cell is sorted on the basis of indirect information such as scattered 
light or fluorescent light, the operation required skill and experience, and it was not 
versatile. In the cell sorter, moreover, since the sorted cell must be formed into liquid 
drop, and the size and type of applicable cells were limited. On the other hand, the 
particle analyzer is known as the device capable of sorting powder, cell or other 
particulates depending on the size or shape, but it is also expensive, and is not versatile 
because the cell is sorted on the basis of indirect measured information. 

Lately, an inexpensive cell sorter has been developed, which is capable of sorting 
particulates in a laminar flow while directly observing by a microscope (Micro Total 
Analysis f 98, pp. 77-80 (Kluwer Academic Publishers, 1998); Analytical Chemistry, 70, 
pp. 1909-1915 (1998)), but actually only the key technology of the isolating section has 
been developed, and the entire device is in the process of development. 

The invention is devised in the light of the above background, and it is hence an 
object thereof to solve the problems of the prior art, and present a method of sorting cells 
and other particulates easily and at high precision, and an inexpensive and highly versatile 
particulate sorting device. 
[Means for Solving the Problems] 

To solve the problems, it is hence a first aspect of the invention to present a 
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particulate sorting microchip, being a flow type particulate sorting microchip having fine 
passages on a substrate, comprising at least a particulate containing solution feeding 
passage formed on the substrate, a sheath flow forming passage disposed at least at one 
side of the feeding passage, a particulate measuring position for measuring the introduced 
particulates, two or more particulate sorting passages for sorting and collecting 
particulates disposed at the downstream side of the particulate measuring position, and 
two or more electrodes for controlling the moving direction of particulates disposed near 
the passage inlet from the particulate measuring position to the particulate sorting passage. 

It is a second aspect of the invention to present a particulate sorting microchip, in 
which the particulate measuring position is one passage for allowing to flow the 
particulate containing solution and sheath flow forming solution. 

It is a third aspect of the invention to present any one of the above mentioned 
particulate sorting microchips, in which the particulate containing solution feeding 
passage, sheath flow forming passage, particulate measuring position, and inner wall of 
sorting passage are coated with a particulate adhesion preventive layer. 

It is a fourth aspect of the invention to present any one of the above mentioned 
particulate sorting microchips, in which the electrodes are shaped and/or disposed so that 
the electric field may be concentrated near the particulate sorting passage. 

It is a fifth aspect of the invention to present any one of the above mentioned 
particulate sorting microchips, in which particulates in the particulate containing solution 
are selected from the group consisting of ceils, bacteria, microorganisms, and high 
molecular particulates. 

It is a sixth aspect of the invention to present a particulate sorting device for 
sorting particulates, comprising at least any one of the above mentioned particulate 
sorting microchips, measuring means for measuring optically or electromagnetically the 
particulates at the particulate measuring position on the particulate sorting microchip, 
voltage applying means for applying a voltage to the electrodes on the particulate sorting 
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microchip, and output means for issuing optical or electrical information of particulates. 

It is a seventh aspect of the invention to present the above mentioned particulate 
sorting device, in which the measuring means is an optical microscope, and it is an eighth 
aspect of the invention to present any one of the above mentioned particulate sorting 
devices, in which the measuring means is a fluorescent microscope. 

It is a ninth aspect of the invention to present any one of the above mentioned 
particulate sorting methods for sorting particulates by using any one of those particulate 
sorting devices. 

It is a tenth aspect of the invention to present a particulate sorting method 
characterized by feeding a solution containing particulates through a feeding passage, 
forming a sheath flow to feed the particulates into a measuring position, measuring the 
particulates, and guiding the particulates into the particulate sorting passage and sorting 
by interaction of electric field generated by application of voltage and particulates. 

It is an eleventh aspect of the invention to present any one of the above mentioned 
sorting methods, in which the particulates to be sorted are selected from the group 
consisting of cells, bacteria, microorganisms, and high molecular particulates. 
[Embodiments of the Invention] 

The invention, first of all, relates to a flow type particulate sorting microchip 
having fine passages on a substrate. An outline of the particulate sorting microchip is 
shown in Fig. 1. The particulate sorting microchip of the invention comprises, on a 
substrate (1), at least (a) a particulate containing solution feeding passage (2), (b) a sheath 
flow forming passage (3) disposed at one side of the feeding passage, (c) a particulate 
measuring position (4) for measuring the introduced particulates, (d) two or more 
particulate sorting passages (5) for sorting and collecting particulates disposed at the 
downstream side of the particulate measuring position (4), and (e) two or more electrodes 
(6) for controlling the moving direction of particulates disposed near the passage inlet (51) 
from the particulate measuring position (4) to the particulate sorting passage (5). At this 
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time, the substrate (1) is not particularly specified as far as fine passages and electrodes 
can be processed and installed by various fine processing technologies, and its material 
may be selected from silicon, glass, quartz, plastic, and others. For example, when 
measuring the particulates by optical means, it is desired to select a material not having 
absorption in the wavelength region of the light source to be used. The size of the 
substrate (1) is not specifically limited, and at least it may be large enough for allowing 
to process the components (a) to (e) depending on the size and type of cells and 
particulates to be sorted. 

In the particulate sorting microchip of the invention, the particulate containing 
solution feeding passage (2) is a passage for feeding a solution containing sample 
particulates (7) such as culture cell, blood cell, and high molecular particulate, and its 
upstream side may include a connector position for liquid feeding means, such as tank or 
pump for storing the particulate containing solution. In such microchip, the inside 
diameter of the particulate containing solution feeding passage (2) is not particularly 
specified. At least the diameter may be large enough for feeding the sample particulates 
(7) stably. For example, the width is about 1 to 100 ^im. The shape is not particularly 
specified, and if rectangular, it may be easily formed by known semiconductor fine 
processing technology, and it is preferable because the image is not distorted at the time of 
microscopic observation described later. 

The sheath flow forming passage (3) is a passage for feeding liquid (sheath liquid) 
for forming a flow (sheath flow) for enveloping both sides of the sample particulates (7) 
when sample particulates (7) are fed into the particulate measuring position (4), and it 
may be disposed at one side or both sides of the particulate containing solution feeding 
passage (2). The inside diameter of the sheath flow forming passage (3) is not 
particularly specified, but the width may be, for example, 1 to 100 ^m. In order to form 
the sheath flow, the diameter of particulate containing solution feeding passage (2) and 
sheath flow forming passage (3) is designed, or the flow rate of particulate containing 
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solution and the flow rate of sheath solution are adjusted. 

In the particulate sorting microchip of the invention, the particulate measuring 
position (4) is a position for measuring the particulate optically or electromagnetically. 
More specifically, light of specific wavelength region is emitted to the sample particulate 
(7) from an observing optical measuring system, and a stereoscopic image or fluoroscopic 
image of the sample particulate (7) is observed. Or the position may be also used for 
observing the moving speed or migrating speed of sample particulate (7) by CCD camera 
or the like. Further, two or more sets of micro electrodes may be assembled in the 
particulate measuring position (4), and a low alternating-current voltage of about 100 mV 
is applied between electrodes, and an impedance flowing between electrodes may be 
measured. In such particulate measuring position (4), each solution flowed from the 
particulate containing solution feeding passage (2) and sheath flow forming passage (3) to 
introduce the sample particulate. Thus, the particulate measuring position (4) is 
preferred to form one passage combining the particulate containing solution feeding 
passage (2) and sheath flow forming passage (3), and a larger diameter is desired, for 
example, the width may be about 5 to 150 jim. The height of each passage is not 
particularly specified. However, the distance (thickness) from the bottom or top of the 
chip to the passage should be limited to about 50 to 500 jam in relation to the focal length 
of the lens when observing the fine structure in the particulate or cell by microscope. 

The particulate sorting microchip of the invention further comprises two or more 
particulate sorting passages (5) for sorting and collecting particulates disposed at the 
downstream side of the particulate measuring position (4). Such particulate sorting 
passages (5) can be increased in number depending on the types of particulates to be 
sorted. The particulate sorting passages (5) may include one or more passages for waste 
liquid. 

The particulate containing solution feeding passage (2), sheath flow forming 
passage (3), particulate measuring position (4), and sorting passage (5) may be used 
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directly after processing the substrate (1) by semiconductor fine processing technology 
such as photolithography, but some of the sample particulates are likely to stick to the 
inner wall of the passages, and a large difference may be cause in the moving speed of 
particulates between the wall side and middle of the passage, and it is hence preferred to 
form a particulate adhesion preventive layer. Specifically, a particular adhesion 
preventive layer may be formed by coating with high molecules of gelatin or polyethylene 
glycol or the like. 

The particulate sorting microchip of the invention further comprises two or more 
electrodes (6) for controlling the moving direction of particulates disposed near the 
passage inlet (51) from the particulate measuring position (4) to the particulate sorting 
passage (5). Such electrodes (6) apply voltage, and generate an electric field near the 
passage inlet (51), and control the flow of particulates into the passage inlet (51) by 
interaction of electric field and particulates. The shape and size of electrodes (6) are not 
particularly specified, but an acute shape as shown in Fig. 1 is preferred so as to 
concentrate the electric field near the passage inlet (51) and maximize the gradient of 
nonuniform electric field. The material of electrodes (6) may be properly selected from 
general electrode materials such as gold, silver, platinum, and Al. The number of 
electrodes (6) is required to be at least one pair (two) in order to generate an electric field, 
but it can be increased depending on the number of particulate sorting passages (5). 
When application of voltage to the electrodes (6) can be controlled individually, flow into 

each passage inlet (51) can be allowed or prohibited individually. 

Thus, the particulate sorting microchip may be manufactured in any method, 

and can be easily manufactured by any known fine processing technology such as 

semiconductor lithography or etching. 

The invention further presents a particulate sorting device capable of sorting 

particulates. The particulate sorting device comprises at least (i) the particulate sorting 

microchip, (ii) measuring means for measuring optically or electromagnetically the 
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particulates at the particulate measuring position on the particulate sorting microchip, (iii) 
voltage applying means for applying a voltage to the electrodes on the particulate sorting 
microchip, and (iv) output means for issuing optical or electrical information of 
particulates. 

In the particulate sorting device of the invention, the measuring means for 
measuring optically or electromagnetically the particulates at the particulate measuring 
position on the particulate sorting microchip is, for example, the microscopic optical 
observing system or CCD camera. When using the microscopic optical measuring system, 
by emitting light of specific wavelength region to the sample particulate (7), and a 
stereoscopic image of the sample particulate (7) can be observed at the same wavelength as 
the emitted light. Or, a fluoroscopic image of the sample particulate (7) may be observed 
in longer wavelength region, and it may also include a function for comparing the 
stereoscopic image and fluoroscopic image or an image processing function. When the 
CCD camera is used as the measuring means, the moving speed or migrating speed of the 
sample particulate (7) may be observed. Accordingly, effects of voltage application on 
migrating speed of sample particulate (7) may be measured, or the separation timing may 
be determined. But other measuring means may be used, for example, means for 
emitting semiconductor laser and measuring transmitted light by photo diode. 

In the particulate sorting device of the invention, the voltage applying means for 
applying a voltage to the electrodes on the particulate sorting microchip is not particularly 
specified as far as direct-current or alternating-current voltage can be applied. By 
applying a voltage near the passage inlet (51), an electric field is generated, and an electric 
charge appears on the particulate surface by inductive polarization, and the particulate is 
driven. The magnitude of the generated charge differs with the electrode shape, and the 
shape may be selected so as to obtain the maximum gradient of nonuniform electric field 
as mentioned above. A similar phenomenon appears whether the voltage is 
direct-current or alternating-current, and with the direct-current voltage, superimposition 
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of (^electrophoresis and electrophoresis is observed, but with the alternating-current 
voltage, the electrophoresis force is averaged to be zero by inversion of electric field 
polarity, and only the dielectrophoresis free from effect of charge of particulate can bee 
observed. It is hence preferred to apply alternating-current voltage. Such voltage 
application can be controlled by using a mechanism for controlling the on/off timing on 
the basis of the information about the particulate selected by the measuring means. 

In the particulate sorting device of the invention, the output means for issuing 
optical or electrical information of particulates may include, for example, the software or 
monitor for imaging and analyzing the stereoscopic image or fluoroscopic image by the 
microscopic observation, or the monitor for observing the migrating mode of sample 
particulate (7) by voltage application. Other examples include frequency response 
measuring device (impedance analyzer), ion sensitive type field effective transistor 
(ISFET), voltmeter, ammeter, etc. 

The particulate sorting device comprises at least these components (i) to (iv), and 
may also include storage tank for storing the particulate containing solution, storage tank 
for storing sheath solution, and liquid feeding means for feeding these solutions into the 
particulate sorting microchip. It may also include recovery tank for collecting the sorted 
particulates, or waste liquid tank. The particulate sorting device may have a plurality of 
particulate sorting microchips, and may be designed to repeat sorting operations in 
multiple stages in same condition or plural conditions. 

The particulate measuring device of the invention can be downsized by reducing 
the size of measuring means, voltage application means, output means, and other 
components such as storage tanks by the known fine processing technology, and it may be 
used as handy tool for particulate sorting in the medical diagnosis and other field difficult 
to handle by the conventional cell sorter or particle analyzer. For example, when the 
analytical system of immune analysis device proposed by the present inventors (Japanese 
Patent Application No. 2000-131833) is constructed and linked on the particulate sorting 
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microchip of the invention, it is highly useful as analyzing and sorting system of cells of 
high precision. 

The invention, using this particulate sorting device, presents a particulate sorting 
method for sorting particulates. Specifically, the particulate sorting method is 
characterized by feeding a solution containing sample particulates (7) through a feeding 
passage (2), forming a sheath flow to feed the particulates into a measuring position (4), 
measuring the particulates optically or electromagnetically, applying alternating-current 
voltage to electrodes (6), and guiding the particulates into the particulate sorting passage 
(5) by generated repulsive dielectrophoresis force, and sorting. 

In the particulate sorting method of the invention, any particulates may be sorted. 
Those sorted by shape, size or properties may be preferred, and in particular those sorted 
by dielectrophoresis are desired, and specific examples are powder of high molecule, blood 
cells, culture cells, other cells, bacteria and microorganisms. 

Embodiments of the invention are described below while referring to the 
accompanying drawing. The invention is not limited to these embodiments alone, but 
may be changed or modified in various forms. 

[Embodiments] <Embodiment 1> Manufacture of particulate sorting microchip 
A synthetic quartz wafer (11) of 20 mm square and 0.5 mm in thickness was cleaned for 10 
min in HPM (HC1: H 2 0 2 : DW = 1: 1: 4, 60°C), rinsed in DW, cleaned for 10 min in DHF 
(concentration 10%), rinsed in DW, and cleaned in N 2 blow process, and Cr mask was 
deposited by 1.5 |im by magnetron sputtering apparatus. 

By photolithography (photo resist OMR-85: Tokyo Oka Kogyo, contact exposure 
machine: MJB3: Karl Zeus), and Cr wet etching (CeONH^^Oa)^ HC10 4 : DW = 65.8 g: 
17.2 ml: 400 ml, room temperature), a capillary pattern was transferred on the mask, and 
the photo resist was processed by ashing by O z plasma (ICP = 500 W, pressure 40 mTorr, 
flow rate 100 seem, processing time 2 min). It was then cleaned for 10 min in APN 
(NH 4 OH: H 2 0 2 H 2 0 = 1: 1: 4, 60°C), cleaned for 5 min in DHF (concentration 5C), rinsed 
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in DW, and cleaned by N 2 blow. 

By dry etching (ICP = 500 W, substrate bias = 15 W, pressure 10 mTorr, creeping 
flow rate 200 seem), a capillary groove was formed in quartz wafer, the Cr mask was 
removed by cleaning in SPW (H 2 S0 4 : H 2 0 2 = 3: 1, boiling), cleaned for 10 min in HPW 
(HC1: H 2 0 2 : DW = 1: 1: 4, 60°C), rinsed in DW, cleaned for 5 min in DHF (concentration 
5%), rinsed in DW, and processed by N 2 blow. 

To form electrodes at both sides of the capillary, Cr mask was deposited by 0.1 
yim by magnetron sputtering, the mask was matched by photolithography, and the 
electron patterns were transferred on the resist. 

After Cr wet etching, the quartz glass dry etched by SF 6 , and trenches for 
embedding electrodes were manufactured, and after removing the Cr mask, the resist was 
removed from the electrode embedding portions by mask matching by photolithography. 

Finally, by magnetron sputtering, Cr and Pt were deposited sequentially, and 
after lifting off, it was adhered with another quartz glass having sample injection port and 
electrode terminal in 1% hydrofluoric acid, and taken out, and exposed to pressure of 1.3 
MPa in atmosphere, and compression bonded. 

Embodiment 2> Evaluation of operation of particulate sorting microchip 
According to the procedure of embodiment 1, a particulate sorting microchip was 
manufactured by forming cell feeding passage (2), sheath flow forming passage (3), cell 
collecting passage (5b) enclosed by a pair of electrodes (6) positioned at the downstream 
side, and disposal passages (5a, 5c) at its both sides, on a substrate (1). 

In this microchip, by forming the sheath flow, cells can be efficiently sent into the 
collection passage inlet (51b), and cells can be taken in or discarded by the repulsive 
dielectrophoresis power generated by application of alternating electric field to the 
electrodes. 

The sample was sheep erythrocyte suspension solution refined by diluting to 1 x 
10 8 /ml in phosphor buffer saline (PBS) at pH 7.4, and the inner wall of each passage of the 
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particulate sorting microchip was coated with gelatin by gelatin veronal buffer (GVB), and 
the operation of the microchip was evaluated. 

While voltage was not applied to the electrodes, cells flow into the collecting 
passage (5b), In synchronism of the moment of cells reaching up to the collection inlet 
(51), applying alternating electric voltage of Vp-p=20V and 1200kHz, cells repulse and are 
selectively taken into the discarding passages (5a, 5c) at both sides of the collecting passage 
(5b). 

As confirmed by fluid simulation, the liquid flowing in the cell feeding passage is 
suppressed by the sheath flow at both sides, mostly flowing into the collecting passage inlet. 
It is also confirmed that the operation is stable in the discarding passages (5a, 5c) by 
extending wider than the region of increase of gradient of electric field generated around 
the electrodes (6). 

Thus, when the particulate sorting microchip of the invention is applied in 
sorting of cells, cells receiving dielectrophoresis force are discharged, and cells not having 
the effect are sent into the collecting passage (5b), so that the cells can be collected without 
being damaged or stimulated. 

It is thus verified that the particulate sorting microchip making use of repulse 
dielectrophoresis force can be applied in sorting of biological cells. By using this chip as 
the central technology, a cell sorting system having an advanced cell discriminating and 
processing system impossible in the conventional cell sorter can be realized, and the 
particulate sorting microchip of the invention seems to be very useful in the biological and 
medical research fields. 
[Effects of the Invention] 

As described specifically herein, the invention presents a particulate sorting 
microchip capable of sorting particulates easily and at high precision, and an inexpensive 
and highly versatile particulate sorting device using the same. The particulate sorting 
device of the invention can be reduced in size, and by using it, various particulates such as 
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cells, bacteria, microorganisms, and high molecular particulates can be easily sorted at 
high precision. 

[Brief Description of the Drawing] 

Fig. 1 is a schematic block diagram showing a particulate sorting microchip of 
the invention. 
[Reference Numerals] 



1 Substrate 

2 Particulate containing solution feeding passage, cell feeding passage 

3 Sheath flow forming passage 

4 Particulate measuring position 

5 Particulate sorting passage 

5a Particulate sorting passage, discarding passage 

5b Particulate sorting passage, collecting passage 

5c Particulate sorting passage, discarding passage 

51 Sorting passage inlet 

6 Electrode 

7 Sample particulate 

8 Waste liquid tank 
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[0 0 0 9] C<E>tiBa<OfSf«li* JU±<7><t33U<D^1tlC 
[0 0 10] 

ms*(»i*-r-5>t4&<D¥S] cwasawsgwii. ±e 

©iSa£ai*-f -Sfc^tl'T. £1*35 ICIi. Sffi±IC 
aafciftSS** UTfc-S 7 □ -MSkfi : f-»BiJ-7'< * □ 9- 
y7T£>oT. S«±IC. '>&<<»: *k 
SA3SKi. £Batt©iMJ:<i:t>-*«>a»l=EB* 
n/t->-X3SJBfi£3SSS<!:. aAS+lfcaa^fcftilJ-r* 
fctoroaa^ftiliatt.t:. Kata?-ttiilSBCl<DT3?E(cU: 

gstifcaMa^^^sJiaiiR-r^^*© 2 Ju±o«tt?-^ 
843108 1 . aawaaai* e> att^»H2(t»^oau8 

P#ifilClft§Stl/tSi» ; ?-(0^i()^|fiJS:*iJSI'r-5fci6{D 

2 o±o*a**-r -a c t *«ttr*«ttT»ai^-f 

[001 1] gs2ici;t, c<otam<D^mt. aa^tta 
gsfttfa&^aaa&tv'-Aa^^a^sftA-r-s 1 
*©aa-ca*me©aa«MW-*-f fa?'> ^*aa 

[00 1 2] ?*e>ic, ^3icii, cotuaoaaa. a 
a^aaaaaAaa. ->-xa««aa. aawa 
aa. te«t^aaaoi*js^ aa^ftaaitacj: 
y aBShTi^*MEi^m*»«>att^»a^-f * p^ 

[001 3] coaiaw^wi*. a4ictt. aa*«aa 
^aaanttacaa^aff *J:5aa«6J:tf/ 

3-/iliEB<t£oTU*aEU**n;!WDa&^5i > »Jv-f 

*a?yyeaet*-a. 

[00 1 4] $e>ic asicii, coaiaoaaii. a 
tt^aaaa+oaaw. ana. aa. aaa. fc<t 

Ei^rn«>©att*»a^-f ^n*y^*a»-r*. 
[001 5] zcD&mo&mi. a6icia. a&^tt 
sij^£fc«&»a& ; ?-ttsijagT&-DT> ^&<<tt>. §9 
i5<Di\-rn^<Da& : f»s')^wf nf^yt. aa?** 
H7-ffnf5/ r±©aa^ w-aaacfi 1 *xaa^ * 



iieaasfcttaaaaacaa-rsita^ai. aa^ 

ffiEnua^st. aa^Qaansfcaaaaaaeu:*) 
r*fcao«*a»*ar«ct*«afr*aa^« 

[0016] coasaoaai*. st> a7icii. sta 
a««««aaa«T**aE©aa^#aa«*. fc<t 
#a 8 ictt. ita*«a«a*Baa-c**aEnrftfl> 
©aa^aassaa-r*. 
[001 7] $6>ic a9icii. cwaiitiwsswii. a 
Eor+ia^aa^sijaasffi^T. aa^ta-ar 
«aa7^a^a«aa-r«. 
[001 si couao&ai*. ai oca. aa^* 
a*nr**«*»A»»j:yBAu ->-;*a*a*u 
TBaa^attaaa^BAu aa*-*itaufca. 
«s«aa LT^c-sasta^.ttoffls^fflicj: 
y . aaa^*aa^»aaaicaa ux»ar * - 1 

[001 9] -tL-T. c©dsa©3gt«i*. ai 1 ici±. 
a-asnsaaT-tfaa. a*, aa*. fc^tfiisa 1 ?- 
aa^&fc-sa.fc u aasnsaEo-rna^asij:* 

[0 0 2 0] 

[5ss&©2ta©raa] coaiao^wi*. £-r, s«± 
icaaaaa** ut^-s 7 □ -aaa«M» v-r * p 
fy^cnt«t>of*4. a 1 ccoaa^a^-f 
^Qfyycii^bt. c©aiEi©fSw©a& : F-a 
a-^-f^p^yyii. aa <d ±ic 
(a) aa^aaaaaAaa (2) t. <t>) saa 
a©«aicEB£*ifc->-Aaraaa» (3) <t. 
(c ) SAStifcM? *tta*-*fca©aa*-ita» 
a (o £. (d> aaa^itinssa (4) ©Taica 
a**ifcaa : f*#aH'R-r*fc«>© 2 ^©aa^a 
aaa (5) (e) aa^ttaaa (4) a>s>a& 
?a«aa (5) ^oaan (sd ttaicaBstife 
aa?-©a»*i°i*sia-r-5fc«>© 2 m±.©Bffi ( 6 ) 
*ar*::<fc*«a£r*. c©<t£. sa d) 1*, 
sa©aaai«aic«fcyaaaa*«e*aim mm. 

T#-5t>WT , 36tiliJ:<. yU3X #^A, 55t* ^ 

caaaaaicjcuaa-raaaca. mm-tziti&o 
asa«icaa*a/tai^«a*aa-r*. coj:5>?5: 
st (1) o**siit<ca3t*ti-r. ^>a:< <t*>_h 
e (a) ~ (e) oaaa«. #»j-raaaa©awa^- 
<o^ir s ^ffl^ic^ DraaDnxT^^gao^^ $ r 

[00 2 1 ] C0|lJB0j|«0«ll«Hil7'f*Bfy 

^icfctNT. aa^aaaaaAaa (2) 
na^aaasa. s#^«aaoKaatt?- (7) «:#a 
t--5sa«:®A-r-5/i«c>oD3its8TS)y. -to±ai=i*. 
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utz?^ m&z fff s-r * * > >? *>* > •fmommm®. 

3S8S (2) 0DrtSlii<lcP8S$n^:O. tmSSte^ 
(7) 4SSIC^AT^r-Sg* : tLTUntf«fc<. en*. 

a. «h**m~i o OMmaai-r-scit^T^-s. rat* 

[0 0 2 2] ->-^3S?Bfi£358S (3) IS. 

ta^f- (7) tfats^ttawspfi; (4) icsx^n^i^ic, 

IS^ae^ (7) <DiIftiJ£&t>.fc5£:3Stl (->-X3fc) 

t*u. m&mtiLT'smmxtm^zm (2) ro-^OB 

BP, £fcl4ffi*WMa3(cBEg£ttTU*i(4J:l.\<> 
•Ami£yfil& (3) <7>rt3t><t<lc|®S£;*n&U#. «*. 

^^sti-s^ic Gm+ttmmmt.zm (2) <t 

[0 0 2 3] CODtHSKO^W^^^lJV-Yf 

p^yicasur. aMa^stngPfi (4) (4. m®.=FZ 
b{*mic(±. wxtfasiae? (7) izmux^mx 

urnm** (7) ©^®)iSg^>j*i63$S€ccD*>7 
sna^itnguffi (4) ic2$ijy±<Da/j^ms**a*a 

SSBaCll 0 OmVgfi©f6O3S3fc®E£01JHlU 

^fcaa^itifliaste (4) -cii. stiiEwssa^ws 

ig^ASftSS (2) <h> — ^.3SlJBfi£aSlSS (3) *>e>«->§ig 
^it-S)gP& (4) 14. miE©S$&^#WSjS^A3f[SS 

(2) tis-^mzmm o> a^ssofci *©3S!& 
T*sc<tA<ii*u<> toti^- c\tie<fcy 

WliLlf. *B&5~1 5 0 Atm«fr*C«h^Jf*b 

U ^<;/:70JS®&£O(4±aP®J!r>e>3mS:Tro!E& 
OSS) ic-z>oti4. »*4^illi&rtoDm8«££Si» 
m-cmmrzm-s* u>x<oi££i§gf <h<DB6^£> 5 0 

~5 0 0 *tmSfil=*tr»<-r*!iJS*«feS. 
[0 0 2 4] CWtB^O^Oai&^g'J^-f 
*n^-y?l4. HOIHffl^lta'lSPfil (4) (OTSSUClftg 

(5) ^*-r-5t)<7)-C»^)= dO«fc5ftSSe^«9 

5ss§ (5) 14, ^-r^mL^mm^f&^x^mm 

«tt74tH9K& (5) ICI4. 1 1U±©)1 



[0025] Ju±<o<hfcy<oae^*S}Sa5A3S[8S 

(2) . ->-X3itfBf£0Sg8 (3) . ftttTIHIStt 

(4) . fc«fctf#S'J3ft!& (5) J4. Sffi (1) 

[0026] crotU^o^WtDSSa^SiJv-f *p^y 
yii. sMa^itisiaJfii (4) a^sata^BiJaftss 

(5) ^<D3SSSo (5D ftiaicagstifcSMa^ro^ 
is^iRi*{6ijai-r-5^«6(D2Ju±©mti (6) s^-rat 
areas. z\<D<k?tewm (6) is. Ba^anra-rsc 
ticj^jaa&n (5 D tt&iznm£.c2i*. torn. 
^«&^<t<DffiSffcffllcj;iJ3itg&a (5 i) ^<omt& 
*<o : ik\&'igm-?z>iztbv>*><n-?&z>* mm (6) mm 

tt***S(*£<lclH3esna:l^ »SU<I4. aftSS 
□ (51) #ifilC^S:**$1±fcU. ^-mifcD^ 

gift^jE^^w-r-sfetDt-r-s. (6) #*4 

is. ^> IB. a i m&m<D— 
®s:s«$ti-5. ft (6) <omt. nRZ£.czrcit> 
icii'»a<<tt>i *t (2<i) ae^g'j 

(5) ©!aiCJE£jDTJi*PT#-5o Ctl?.©!! 

(6) ^<DmS<0a«lPli<lSlJlCfeiJffllT#-5«fcP(C^-tl 
(i\ #3SSSP (5 1) ^OSSACDpI • ^oI£S-**iJft)T 

[0 0 2 7] JU±(D<hfcUW«ta ; f L »S'J^'<'^n5 L v^ 

£}a<D&m$kmmj:&.tiiiz£ x§§ icsitt?^ ^ t> <d 

[0028] z\<Dtam(D^mit. $e>ic, mtfr&msi 

S^»giJ^g{4. '>^:< it). ( i ) SSieroa^^g'J 
-7-f ^p^^^i:. (ii) WftTiWI^r-f^P^y^ 

o^a^a^n■a'JgPfilc^5l^TS^*a ; f*^t^6*l»*l^(4^ 

m^Mldt;li|-r*lt;ftll^lS<!:. (iii) SJe^S'J^-f 
IS<h. (iv) aMa^©3t^fi*l$;il4HMW1fffi££fc^f 
5. 

[0029] c^ai^^roeita^Bij^gicfcu 

T. aSi^B'JV'f ^P^^^OSte^ttiBJ^CIICfc 
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it. M^ata^ (7) iz#m%i&&m<DytzmmL. m 
^tm-^-vunmm^ (7) ©m*#*s^T$ 
-s. «fcy«a*«*rct*«»tt i f (7) omiftm 

(7) (o&m&m^ftm&mzwim-czz. cnict 
ij, sttBPUpict-sa^ae^ (7) <D&m&m^<o& 

[0 0 3 0] C(DJiilSO^<D«a ; ?-^lJSmiC*5l> 
•5t>(D-CS)m^=t^^ < , %&□ (5 1) ttiSlC®E£EPJ]P 

rsc&icfc'u. et^s®ic»*^ 

IC «fc »J WMTK&lM^tei L/T 0 £13.&1Z>£>, ttttTO* 

[0031] ata^-ojt^fi*)*/5:i±mmwitsi$ 

fcSlMi^ffEpaPlciSiif^aitfa^ 

(7) o^giro^^ii^-r-sfcftcot-^-iid 1 ^ 

X*- (ISFET) . SffSh SattStH*«e!l*Sti*. 
[0 0 3 2] iy±0«!:tey<D!a©TF-»BiJ^§li. 
<ht>±iew (i) ~ (iv) £*)0TU*U*\fci^ -t© 

3?£1il/Tl>T*>«fcO. #SJS*Xfc»®?£:II]»K 
[0 0 3 3] CC!>ffiM«>Rn(0filfi^)-»ISBIC 



Blunts, aia^&L s&icii*»BflK&©*iiiJ*fiMtt 

t^f^-S.tdlC^-S. C©tUBB©56W#e>fc 
«fcT>Tffl^StlTt\-5#feS««SS (ttH2 0 0 0-1 
3 1 8 3 3) m<DttVi%k&. C(DajBS<D5gI8<Z>aM&?-# 

88BS©##t • #&J->*y-A«!:LT©*rffltt , t>H<a:*. 

[0034] dwajgKo^wci*. a±©<tfc'j©st*4 

«rt>iS«-r-5o Stttfllcli. (7) 
e$ft-*-«Sift«SIA9k& (2) i'JSAU ->-^3S 
*»*lxTBtatttt?*IHi»tt (4) 'sSAU 

***tt*fci*««ft*tticitaL,fca. ca (6) ic 
»tt^-*«tt«wMa[» (5) cR*uTft»i-r«tttt 

[0 0 3 5] fel±<D<hfcU<DC<DtlJMcD^W<DSke^-«- 
£-5*©. <h< lc^m*l*MC < fcyttSUT;*-5t>©-eifetl 
[0 0 3 6] JUT. iSttUfcSHICjeoTltSSfll^ 

[0 0 3 7] 

2 Ommft, US 0 . 5 mm©^fi£53l , i> i7 7 (1 
1) £HPM (HCI:H202:DW=1:1:4. 60K:) SfcJfH 0fl\ DW 
DHF (SSI OX) 0», WfU>A. N 2 

7n-©XfIT3fcif»U hP ^ggC«fc 

oTC r -7***1. 5Mmiiffl$-ti->t„ 
[0 0 3 8] h'Jyy77<f- (7t hl/y^ 

hOMR-85 : m«f5<bX^. a hS3t® : MJB3 : * 

-;UX-*) » CrOUiy hiy?>^ (Ce(NH4)2(N 
03)6:HCI04:DW=65. 8g :17.2m 1 :400m L SiS) lC«tr3T+ 

(ICP=500W. a^)40mTorr. aSSIOOsccm. MS^H2 
«■) "C?* h*7v 

APM (NH40H:H202:H20=1:1:4, 60-C) Sfe^l 0». DHF 
(SKSX) 3t^5». DWU>*. N2ya-IC«t^T55fe 

[00 3 9] H7-fl7?>^ (ICP=500W, Subst 

rate bias=15W, S^IOmTorr, jB53SS200sccm) IC«fe 



(6) 
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SPM (H2S04:H202=3:K £;8) jfcJf>T&£U HPM (HCI: 
H202:DW=1:1:4. 60°C) 3Uf» 1 0tf\ DWU DHF (S 

S5%) 3fcjf»5tf\ DWU>7^ N2^P-T«iSLfc. 
[0 0 4 0] +i't^'J-<0SffiiJICSffi*ait'5^:«> 
IC. -7^* hP>XAy^lC«kt>TCr-7^.^«:0. Urn 

UTH@/^ ->SU-^h (Cfe¥ Is ft. 
[00 4 1 ] CrW^xy H7f>^, SF6lC<fcSS 

[00 4 2] MC7i/^ h □ >*/1 v * IC J: ^> TCr. 
PtWJIICitaU U7 \**7Z'fr-oftik. St*4;±AP<fc 
HtI<D*-£^U£iai*fct>e> 1 ttW53l*'57x<i:U7 
yKf-Ctty^btt* Btuajb. *M*-TM. 3MPa(DEE*i 

m&m 1 ©^racseiv @io«t^ic as (i) ±ic 

IfflBSSAfflSSiS (2) i->-X3SJBfi£3aiS (3) . -t<D 
T^illCfig-r-S-MWmgi (6) (CttStlfc$lBS«*ffl 
aftSS (5 b) £-£<AP5<lJ<Z>llgffl3ftS& (5 a. 5 c) £ 

[0 0 4 3] Z.W'O'aJ-vZf-Cl*. ~s-X%L&T&&L 
"T-5 chicly, JfflBS£J8!)^J:<iRi&ffl3il8P (5 1 

[0044] pH7. 4©U y&ftHR^S&tg* (PB 
S) T-lxl08/mllcSMas mKU^*KH^j?iSS^a 
*4<hU ma^ttSiJv^P^y^O&^Wrtit^ 

v^j-^ui—frmmm (gvb) ic«toTy^>t? 

[0 0 4 5] m®(cmff£HJJini,£l.M§^lcli. fflBSli 

(5 b) ^tssn&tf. iffflia^jRft 

PftiS (5 1) icjtT -SKFaiClHlSBUT, Vp-p=20V. 12 
00kHztf>3£§mff£EPJjnUfc<!:C3, fflBS>W55£l^ « 
Sffl3il*S (5 b) <Dj5|ffli|lCfe-5^ffl3ilSS (5 a, 5 
c) ^tSJRMICiHUiASttfc. 
[0 0 4 6] 5iH*->5iL'-->a>lc:J:y. $fflB& 

^ A;7S«&£ 3Stl-5 5£{*#MBS© X3S lc J; -z> XWx. 6> 



«tg£*lfc. 5e>IC. JHgffl;7itS& (5 a. 5 c) II 1 
m (6) ©J§Hlc£05Sf^^IE#*£<fc£^*lSJ: 

y < -r c t ic«t y iMttf&s-rs c t ww&z n 

[oo4 7] cti<fcy, *gi%woaa^»J^ , 'f^a 
5 L ^7 , *SfflBa<D^»]icjifflt--5c<tic«fcy. sieaciftTj 

3ii!8 (5 b) icsityasn. mmzmm^mmt^^^ 

ICiR*-r-5Ci^«E<t>S:-5„ 

[0 0 4 8] m±«fcy. K3S14(Z>^«i*llj:*j£*'JfflUfc 
Cilery. S£3R©-fe;UV-^-Tli^nie6-CS>o^:B5 

[0 0 4 9] 

[^©as] iu±i¥L.<UiWUfc<J:fcy. ccd^ic 
.tor. ss®T?igm^ta^£tfB'J€:Wfig<!:-r-58tta 

gy^sii. i@/hS!<b^5rfi6T-» y . cns-fflo-sctic 
,ty. sans. m<*. ast£t&K g^TF-ssta^t'ws-sa 

ti^ff SS5 < tfflffilC»9J-r -5 C <t A< 
[@1] dCD^WOSie^»jT'f ^aT-vT'SfflatU 

[?3^rosftE] 
1 Stf* 

3 ->-^.5SJBfi£35SS 

4 aumH-aflMCt 

5 «»ta^»»J5SS 

5 a Sifi^ #SiJ3&B&s JURfflS&SS 
5 b SSfe^ tt&JSitgS. »R£lffl3Sg& 

s c ae^^gijatss. mmmms 

5 1 ^giJaftJSP 

6 mm 

7 unfit®.* 

8 JSiSff 
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[01 ] 




F^-A{#2T) 2G045 AA02 AA24 AA28 BB13 CA01 
CB01 CB21 FA11 FA16 FA34 
FA36 FA37 FB04 HA02 HAH 
4B063 QA05 QQ05 QQ08 QR74 QR77 
QS39 QX01 QX04 



